This paper focuses on the relationship between technological innovation and international trade. In particular, the effect of technological achievement on exports is studied. In order to measure technological innovation, the technological achievement index (TAI) is used, thus providing a summary of a society's technological achievements and allowing countries to be classified into four groups according to their level of technological innovation: Leaders, Potential Leaders, Dynamic Adopters and Marginalised. The effect of technological variables on sectoral exports is analysed using a gravity model of trade. The existence of a possible non-linear relationship is also investigated, since the effect of improved technological innovation on trade could vary according to the technological achievement in countries. Results show the expected positive effect of technological innovation on export performance and the existence of non-linearities is confirmed. A "U-shaped" relationship is found between exports and creation of technology and between exports and diffusion of old innovations, whereas an inverted-"U-shaped" relationship is found between exports and diffusion of recent innovations and between exports and human skills. ). This index has been constructed using indicators of a country's achievements in four dimensions: creation of technology, diffusion of recent innovations, diffusion of old innovations and human skills. Additionally, empirical applications show that heterogeneity matters in technological innovation. Loungani, Mody and Razin (2002) distinguish between developed and developing countries when analysing whether better information can substitute geographical distance. Their results indicate the existence of country-heterogeneity in the different determinants of international trade since they show that technological innovation is a "substitute" for distance in developing countries (better information lowers the effect of distance), whereas technological innovation and distance are "complementary" in developed countries (better information magnifies the effect of distance). This may occur when trade in differentiated products dominates, and when physical proximity and high information technology reinforce each other in fostering trade. Developing countries can overcome the disadvantage of distance by investing in technological innovation. Fink, Mattoo and Neagu (2005) analyse the effect of communication costs on bilateral trade flows by taking into account sector-heterogeneity.
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Introduction
The international trade theory highlights the importance of technological innovation in explaining a country's international competitiveness (Fagerberg, 1997) . According to Schumpeter (1883 Schumpeter ( -1950 , economic development is a dynamic process deriving from industry and trade. This author identifies different causes of economic development related to trade such as introducing a new quality of a good, or a new use of an already existing good, a new production method, opening up of a new market, and a change in economic organisation. Then, technological innovation can be defined as the countries' capacity to put new ideas into practice by developing new products and processes which play a key role in international trade and economic development. Therefore, the development of relevant indicators to measure the level of technological innovation across countries is of great interest in a knowledge-based economy with a high and increasing dependence on information technology and human capital. Kuznets (1962) already noted the problems that the lack of appropriate innovation measures may create in economic research related to inventive activity. In recent years, considerable attempts have been made to measure technology creation and diffusion, and human skills across countries. Márquez Ramos, Martínez Zarzoso, Sanjuan Lucas and Suárez Burguet (2007) have recently compiled a number of indices and variables to measure the achievement of technological innovation. Nonetheless, a nation's technological achievements are very complex. Therefore, it is difficult to capture them in an index that reflects the full range of technologies and which quantifies some aspects of technology creation, diffusion and human skills. In order to overcome these inconveniences, the Technological Achievement Index (TAI) has been used in empirical analyses (Martínez Zarzoso and Márquez Ramos, possible non-linear relationship is investigated, since the effect of improved technological innovation on trade could vary according to the technological achievement in countries.
The obtained results show that a non-linear relationship exists between exports and the creation of technology and between exports and diffusion of old innovations, which is in both cases "U-shaped", whereas an inverted-"U-shaped" relationship is found between exports and diffusion of recent innovations and between exports and human skills.
The paper is arranged as follows: Section 2 presents the calculation of a comparative advantage index. Section 3 describes how a classification matrix is constructed from this index, and 13 exporting countries are selected for the empirical analysis. Section 4 describes data sources and variables. Section 5 presents the estimation strategy, the main results and a number of robustness checks. This section also presents an endogeneity analysis. Technological variables can be considered endogenous in the gravity model of trade since higher trade among countries deals with higher technological innovation. A final section summarises the main findings.
Revealed comparative advantage
A revealed comparative advantage (RCA) index is used to select a representative country sample that represents different specialisation patterns. The RCA index is calculated according to Balassa's measure of relative export performance by country and industry (1965) to determine in which goods are specialised the countries being considered in the analysis. The index is defined as a country's share of world exports of a given good divided by its share of total world exports, as expressed in Equation (1):
where RCA ik is the RCA index of commodity k for country i, X ik is the value of commodity k exported by country i, X wk is the value of world exports of commodity k, X iN is the value of the exports of all the commodities by country i, and X wN is the value of world exports of all the commodities. A ranking of the first ten industries with the highest positive RCA values is drawn up for each country in the year 2000. 1 According to
Equation (1), country i has a comparative advantage in exporting commodity k when RCA ik is greater than one. 2
The Rauch classification is used to determine whether countries are specialised in goods traded on an organised exchange (homogeneous), reference-priced or differentiated goods (Rauch, 1999 Scores are derived as an index in relation to the maximum and minimum achieved by countries in any indicator of these dimensions. The performance of each index takes a value of between 0 and 1 which is calculated according to Equation (2) Table A.2 7 shows a summary of the data and sources used in this paper.
Empirical analysis
Determinants of sectoral trade
In order to analyse the effect of technological innovation on sectoral trade, a gravity equation is specified (Bergstrand, 1985 (Bergstrand, , 1989 Deardorff, 1995) and estimated for the disaggregated data. The estimated equation is: (3) where ln denotes natural logarithms. X ijk denotes the value of exports of commodity k from country i to j; Y i and Y j are the incomes in the exporter's market and in the destination market, respectively; Adj ij is a dummy that indicates whether the trading partners are contiguous; Land i and Land j take the value of 1 when the exporting or importing countries are landlocked, respectively, and zero otherwise.
MERC is a dummy that takes a value of 1 when both exporting and importing countries belong to Mercosur; NAFTA takes a value of 1 when countries are members of the North American Free Trade Area, and CAN is a dummy representing Andean Community members. EU takes a value of 1 when countries are members of the European Union. Dist ij is the geographical great circle distance in kilometres between the most important cities (in terms of population) of country i and j. Lang ij is a dummy for countries sharing a common official language. Colony ij is a dummy that takes the value of 1 when trading partners have had a colonial link at any time.
As previously indicated, the TAI is used to measure the technological innovation in countries i and j. Then, TAI i and TAI j are the technological variables measuring technological innovation in the exporting and importing countries. To analyse the individual effect of the different dimensions composing the TAI on international trade, four additional regressions were derived from Equation (3) Tariff ik is the simple average effectively applied tariff for all the countries importing each commodity from the 13 exporters. TC i and TC j are the transport costs of the exporting and importing countries, respectively.
High-tech k is a dummy that takes the value of 1 when the commodity is a hightechnology commodity. Hom k takes the value of 1 when a commodity is homogeneous, and zero otherwise, whereas ref k takes the value of 1 when a commodity is referencepriced according to the conservative Rauch classification (1999) . The DP dummy is included in the regression to take country-heterogeneity into account. It takes the value of 1 when trading partners are richer than the sample average. Finally, ijk ε is the error term, which is assumed to be independently and identically distributed.
Equation (3) is estimated using Ordinary Least Squares (OLS), Pseudo Poisson Maximum Likelihood (PPML) methods and Harvey methodologies. The Harvey model and the PPML estimator are used as alternative options to control heteroscedasticity. The PPML method is employed following the observations by Santos- Silva and Tenreyro (2006) , these being that the standard empirical methods are not appropriate to estimate gravity equations. Log-linearisation leads to inconsistent estimates when observations with heteroscedasticity are present. In addition, the zero values in the dependent variable cannot be considered in the OLS estimation. Moreover, Santos- Silva and Tenreyro (2006) state that the OLS estimation of the gravity model exaggerates the role of geographical proximity and links. Their results suggest that heteroscedasticity is responsible for the main differences. To address these estimation problems, these authors propose using the PPML method.
The Harvey model controls multiplicative heteroscedasticity, whereas the PPML method is robust to some kinds of model misspecification, such as heteroscedastic errors. Harvey (1976) proposes a general formulation of a regression model with multiplicative heteroscedasticity which is more attractive than the usual "additive" model in which the variance of the disturbances is assumed to be related to a linear combination of the known variables.
Causality in this paper is assumed to derive from technological innovation to exports; however, higher exports could also foster technological innovation. Poldahl and Gustavsson-Tingvall (2005) Good instruments are firstly required to be highly correlated with the variable for which they are instrumenting. Our instruments show a positive and significant relationship with the TAI index and its components. The second requirement of good instruments is that they must not correlate with the error term of the export equation. To determine this, the residual of the OLS regression is regressed on the instruments. The results show that independently used instruments indeed correlate with the error term. This will in fact indicate that the instruments chosen are not the best. However, Cyrus (2002) points out that this test is very difficult to pass and that it might be better to examine the R-squared of these regressions. Our results show that the variables used as technological innovation instruments have a low explanatory power (an R-squared value of 0.08, and of 0.20 for exporter and importer R&D, respectively) in the error term regressions. Table 2 shows the main results obtained for the technological variables considered.
Results concerning the other explanatory variables 10 in the model indicate that geographical variables, distance, adjacency and landlocking are significant and that they present the expected sign. Sharing a common language increases exports. With regard to regional integration, being a member of Mercosur, NAFTA, the Andean Community, the European Economic and Monetary Union and CEFTA has a positive effect on exports.
The positive and significant high-tech dummy shows that technologically intensive sectors are highly exported. Similar results were obtained in the Harvey estimations.
Otherwise, a number of differences are obtained when estimating Equation (3) by PPML.
The distance variable presents a lower negative coefficient than when using OLS and the language variable is not significant. In contrast to Rauch (1999), OLS and PPML estimates show that countries sharing colonial ties trade less. Higher magnitudes are found in the coefficients of technological innovation and trade costs variables. Finally, country-heterogeneity is more pronounced since the DP dummy is higher in magnitude, thus indicating that developed countries trade more among themselves. The results obtained can be compared to other studies that use disaggregated trade data, such as that of Siliverstovs and Schumacher (2006) . These authors also show that geographical 16 distance coefficients are significantly lower in magnitude in PPML estimates than in OLS estimates.
Technological innovation and international trade
The first part of Table 2 presents the obtained results for the overall index, while the rest of the table shows the results of its different dimensions. Columns 2, 3, 4 and 5 show the results obtained when using different estimation methods, namely the OLS, PPML, Harvey and the IV. When using the OLS, PPML and Harvey methods, the results obtained for the importer's TAI show that the index falls into the increasing part of a "Ushaped" relationship between technological innovation and exports. This indicates a possible linear relationship between trade and technological innovation. However, when applying the IV estimator the effect of technological innovation on exports is magnified for higher achievements of technological innovation in the importing country.
In terms of the exporter's TAI, for TAI values higher than 0.33 in the OLS regressions, 0.42 in the PPML regressions, and 0.35 in the Harvey regressions; exports always increase with technological innovation. Therefore, for those countries classified as potential leaders, the effect of technological innovation on exports is always positive and increases with technological improvements.
Similarly, Estrada, Heijs and Buesa (2006) have also shown the existence of a non-linear relationship between technological innovation and international trade. According to these authors, a non-linear relationship exists between these variables since companies require a minimum level of technological innovation to compete in world markets. At this level, the export probability would increase to innovation effort until a particular level where the export probability would be constant. Their results show that a non-linear relationship 17 exists, particularly an inverted-"U" effect for a number of cases, and that a "U" effect between technological innovation and export probability is also possible. For instance, these authors note that those companies with a low and high R&D intensity have a higher export probability than those with a medium R&D intensity; however, other variables related to technological innovation (structural characteristics, technological adquisition and innovative results) show that an inverted-"U-shaped" relationship is also possible between the innovation level and the export probability. 
Robustness
A number of robustness checks are presented in this section. Firstly, and based on Santos- Silva and Tenreyro (2006) , a heteroscedasticity-robust RESET test is performed. This test is performed by adding a regressor, constructed as (x'b) 2 , where b is the vector of estimated parameters. The linktest available in STATA is used to test specification errors.
The results show that the variable square prediction is significant in all cases, indicating a misspecification of the PPML with sectoral data.
Secondly, the inverted U-Theil criterion is used to compare models with different scales in the dependent variable. Higher values of the inverted U-Theil indicate that one 21 particular model is preferred. According to this criterion, the Harvey model estimations show a better performance than the Poisson estimations in terms of forecasting accuracy 13 .
Thirdly, Equation (3) is estimated by OLS, PPML, Harvey and IV for exports of differentiated, referenced and homogeneous goods, respectively. Table 3 shows the obtained results for the overall index, which show in most cases a non-linear relationship between technological innovation and trade. Notes: ***, **, * indicate significance at 1%, 5% and 10%, respectively. The dependent variable is the natural logarithm of exports in value (current US$). The estimation uses White's heteroscedasticityconsistent standard errors. In those cases where the term of innovation technology squared is found to be non-significant, a linear relationship is estimated.
If we take the IV results as the preferred ones, we can compare column 5 in Table 3 Bank (2005) 
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